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The challenge in evaluating cognitive development across different contexts is to ensure comparability of skills and functions across settings, while also maintaining the ability to discriminate individual ability levels within populations. The motivation of this project was to have a common battery to be applied across the multiple sites of a single study. There is much cross-cultural evidence that the structure of intelligence is invariant across cultures but that instruments may need smaller or larger adaptations to be applicable across cultural contexts (e.g., Berry, Poortinga, Breugelmans, Chasiotis, & Sam, 2011) . As we are ultimately interested in assessing cognitive consequences of malaria in different cultural contexts, we did not develop country-specific instruments, but used a single culture-informed battery. Adaptations are frequently made to the content and administration of instruments, largely developed in western settings, to reflect the experiences of the population being assessed and to retain within-population variance. There is a growing body of literature that provides evidence that carefully adapted batteries of tests provide reliable and valid measures of cognition in multiple settings (Holding et al., 2004; Kitsao-Wekulo et al., 2012; Van de Vijver, 2002) . The current study examined the suitability of a cognitive test battery that was applied in three very different cultural settings (Bangladesh, Ghana, and Tanzania) .
The extent to which adaptations maintain the original intention of the test, while increasing the ability of the test to accurately discriminate ability levels within the new cultural setting, remains controversial. Despite extensive discussion on the universality of cognitive constructs (Berry et al., 2011; Van de Vijver, 1997; Van de Vijver & Leung, 1997) , there are very few studies that address the extent to which different tests or batteries of tests are able to measure the same cognitive constructs in a comparable manner across different economic, cultural, and linguistic groups (e.g., Helms-Lorenz, Van de Vijver, & Poortinga, 2003) . Hui and Triandis (1985) argue that a fundamental challenge in creating equivalence is that the instrument or test items should be similar or the same. In other words, each item on the test should mean the same in both cultures. This limits not only cross-cultural comparability but also cross-cultural adaptability of tests because of cultural and linguistic differences.
The need to construct a uniform test battery for children in Bangladesh, Ghana, and Tanzania was prompted by the plan to perform a detailed investigation of the long-term impact of a childhood episode of severe, predominantly malarial, infection that required hospital admission with symptoms ranging from stupor to convulsions and deep coma. Patients with these symptoms in early childhood had been part of a randomized, placebo-controlled treatment trial (RCT) that prevented death and serious neurological sequelae (Gomes et al., 2009) . Whether treatment offered survivors any lasting protection against potential harm from parasite congestion in the cerebral microvasculature or whether severe infections nevertheless left children with long term cognitive and clinical impairment was to be evaluated. Before testing the severe malaria cohort, we wished to explore the psychometric properties of the test battery itself in apparently normal children from the same areas. The intention was to examine the robustness of the measures and the constructs applied across the three settings.
The study was part of a larger series of studies supported by the Saving Brains Programme, Grand Challenges Canada (SB) 1 that focused on the re-enrolment of children previously the target of an intervention designed to protect against potential risks to brain development. The SB programme required all participating studies to investigate the impact of the diverse interventions upon a set of Core Metrics, a term used in the programme to denote key concepts of development common to all projects. These were labeled as: General Intelligence, Executive Functions, and the development of Literacy Skills. We selected tests to measure each of these three core metrics based on both previous evidence of the effects of severe malaria (Holding & Boivin, 2013; Holding et al., 2004) and culture-relevant test adaptations (Kitsao-Wekulo et al., 2012) .
The three populations in which our original study took place share some features that led to their initial selection, with all three being low resource, largely rural communities. They differed, however, in other characteristics that made it necessary to alter the content of the test battery to make the material understood by the children to be evaluated. The adaptation process thus addressed differences in language and culture, while trying to maximize uniformity of the tools. Test performance in the three populations was examined to assess the extent to which the tests could discriminate between children at the three study sites and to test to what extent a single battery of assessments could provide comparable and accurate information across multiple cultural settings. The age groups of the severe malaria cohort dictated the age-groups of 7 to 18 years for this test-adaptation study, in the same study areas of the three countries.
Methods

Study population and sample characteristics
Study sites were located in Bangladesh, Ghana, and Tanzania. The sites selected had in common: a rural ambience, relative poverty, constraints in access to health care, and restricted levels of literacy amongst the adult population. These factors, and the risk of malaria infection, influenced the initial selection of the sites themselves. For this study children living in each of the main study locations, who were independent from the main re-enrolment cohorts were identified.
Bangladesh
The RCT was originally carried out in four sites of Chittagong District in south-eastern Bangladesh. The majority of the population in these locations speaks the local language, Chittagonian. English is taught in schools as a second language. Adult literacy across the study sites varies from 28 to 50%, with male adult literacy at 64.8% and female adult literacy at 58% in 2015 (UNESCO, 2015) .
Ghana
In Ghana the RCT was conducted in Kassena-Nankana East and West Districts in the Upper-East region of Ghana. Two main languages are spoken, Kasim and Nankam, although English, the official language, is the main language of instruction in schools, and also spoken by many. Despite school attendance being above 90% (slightly favoring males) adult literacy rates are low, with 65.5% of the population above 15 years having received no formal education and more females 1 http://www.grandchallenges.ca/saving-brains/.
(74.6%) being uneducated than males (54.4%) (Adetunde & Akensina, 2008) .
Tanzania
Test piloting in Tanzania was carried out in Kilosa and Handeni Districts, where Kiswahili is widely spoken, although there are other indigenous languages used. National adult literacy rates in Tanzania are estimated at 75.9% for females and 84.8% for males, although they are likely to be lower in rural areas (United Nations Educational, Scientific and Cultural Organization (UNESCO), Institute for Statistics, 2013). More detailed information on the population characteristics for each site is presented in Table 1 .
Measures
Tests were selected to measure General intelligence, Executive Function (Working Memory, Selective/ Sustained Attention and Inhibition & Attentional Shift), and Achievement (Literacy and Numeracy). The instruments selected are described in Table 2 . The preparation of these tests followed a systematic adaptation procedure for neurocognitive and psychological measures that has been previously described (Holding, Abubakar, & Kitsao Wekulo, 2010; Holding & Kitsao-Wekulo, 2009 ).
The first procedural step was to clearly define the concepts and constructs to be measured. As highlighted in the introduction, we were guided by the requirements of the Core Metrics framework, which identified three general concepts (General Intelligence, Executive Function, and Development of Literacy Skills). A review of the evidence on functional areas that are sensitive to the effects of malaria infection was used to support the identification of component constructs of these general concepts (Holding & Boivin, 2013) . General Intelligence was defined by the constructs This test requires children to associate a series of nonwords with pictures for fishes, plants, and shells.
Hand movements
The child is expected to repeat a series of hand movements performed by the assessor. The number of movements increases as the trial increases.
Footsteps
The child has to select the shortest route of footsteps for a small doll to fetch its ball.
Story completion
The child is shown a selection of pictures that, when placed in the correct order, tell a story.
Kilifi naming test
This is a test of expressive vocabulary in which the child labels each of a selection of pictures.
Rey-Osterrieth complex figure
The child has to reproduce a complex figure drawing, first by copying, and after 20 min, from memory. NOGO This is similar to the classic NOGO paradigm in which participants have to learn to withhold a response when a previously associated stimulus is presented. Hand movements were used as the stimuli. Shift
Children are primed to switch responses to a series of hand movements when a specific trigger movement is displayed.
People search
This test requires a child to scan a page of stick figures, and select a specific figure from amongst different figures. Literacy test Items sample letter shape and sound recognition, as well as reading comprehension and writing fluency.
Numeracy test
Items sample number recognition and arithmetic and problem solving skills.
identified in the Lurian Model of the Kaufman Assessment Battery for Children II (Learning, Sequential and Simultaneous Processing, and Planning). To further broaden the range of skills included in the battery to include those previously explored in the investigation of severe malaria we added the construct of Expressive Language.
To assess Executive Function we selected tests that measured the constructs prescribed in the Saving Brains Programme Core Metrics, that is: Working Memory and Attention (Sustained Attention, Shift, and Inhibitory Control). Achievement, the application of skills in school based learning, was measured by the development of literacy and numeracy skills.
The next step was to identify a potential pool of measures of the concepts and constructs, and to review their content for potential challenges to engagement. Existing literature, highlighting theoretical frameworks of both published and open-source measures previously used in similar contexts, where possible, constituted our test pool of measures for each core concept.
Test preparation involved translation of the instructions, and piloting of the stimuli, visual and verbal, as well as of the administration procedures. The key aspects of test equivalence that the adaptation process strove to maintain were: (a) item equivalence, such that each item should contribute in a similar manner to the overall test score; (b) semantic equivalence, such that each item should mean the same thing in each context; and (c) procedural equivalence, such that each test or item should be administered in an equivalent manner. The first two focus on content, and the last on administration.
A panel of experts that included key personnel from the three different locations consolidated culturally appropriate conceptual vocabularies to guide the preparation of materials for each site. The panel focused on the content, sensitivity, and face value of the tools against the cultural background of children in the locality in which the work was to be implemented. Guidelines for conceptual translations and item selection were discussed at a workshop attended by representatives of each study site. A rigorous review of the individual items and level of difficulty was subsequently established in a pre-pilot in children of the target age group at each location.
Instructions for the tests were produced in each of the respective local languages through a multistep process. The first step-translation into the local language-was checked through multiple iterations of a back-translation process, to evaluate the semantic and conceptual equivalence of the translations to the original instruction (Werner & Campbell, 1970) . Three independent back translations were made into English to refine the translation process. Further refinement of the instructions and general assessment procedures followed close observation of children's responses during the pre-piloting process.
Visual stimuli, images or pictures, were screened for cultural relevance. For example, a party scene with cakes and balloons that would not be familiar to a child in any of the study locations was replaced by a culturally equivalent image of a celebration that was easily recognizable to children in all three countries. If a replaced item was not appropriate for all sites, alternatives for a site were selected. Table 3 summarizes the modifications made. 
Training assessors
With the exception of Bangladesh, where assessors were chosen in response to a classified advertisement requiring candidates with a psychological or child development background, most assessors elsewhere had no prior experience in testing procedures. Some had a background in psychology, but most were drawn from an institutional advertisement of the research post available at the different study sites. All had post high school education (degrees or diplomas). They were primarily selected for their fluency in the local languages and prior health research experience, rather than experience in assessment. Table 4 summarizes assessor characteristics.
In all three countries, the assessors' training was conducted and supervised by qualified psychologists who accredited the assessors only after demonstration of an acceptable skill level in test administration, based on set criteria. Training involved a combination of theory and practice sessions of test administration spanning four weeks. In the first week, a workshop covered modules on the basic elements of child development; research methods; theoretical models for assessment, particularly the Luria model selected for this study; and managing individual differences in a standardized research setting. In the second week, the assessors were introduced to the practice of testing, starting with testing peers and then young children usually selected from schools. Detailed feedback was provided evaluating the performance of the assessors against a standard guideline on assessment techniques. This supervision and feedback was provided In Tanzania through the use of videotaped sessions; in Bangladesh two psychology supervisors observed the test administrations; in Ghana the supervising psychologist provided oversight.
Data collection process
Different samples of children not involved in the main re-enrolment study were recruited through schools and the general community to evaluate test-retest and interrater reliabilities. Those with obvious medical or neurological signs of disability at the time of assessment were excluded. The retest phase was completed within two to three weeks after initial testing at all sites. In Ghana, all children were selected only from schools, in Bangladesh they were selected from the schools and community, while in Tanzania the children for test-retests and inter-rater reliabilities were selected only from the community. Inclusion criteria were children from the appropriate age bracket (>6-18 years of age). After the test-retest process was satisfactorily completed, the tests were used in an expanded sample of healthy children drawn from schools, to represent what might be considered those developing "optimally" in their context.
Ethical Clearance for this study was provided by University of Oxford (OXTREC), Ethical Review Committee of Chittagong Medical College, Bangladesh, the Institutional Review Board of Navrongo Health Research Centre, Ghana, and the Ethics Review Committee of the National Institute of Medical Research, Tanzania. Human data included in this manuscript were obtained in compliance with the WMA Helsinki Declaration. There was no reward for participation. All children who participated were served lunch to ensure children were fed during testing.
Administration procedures
Each child was tested following the same protocol in all three sites. Each assessor assessed two children each day for four days per week. The tests were presented in the same order: Atlantis, Rey-Osterrieth, Hand Movements, Footsteps, NOGO, Shift, People Search, Story Completion, and KNT. The duration of assessment for each child was about two and half hours. Breaks were taken in administration when necessary. While essentially a common procedure was followed, the specific protocol followed in each country was dictated by local requirements. These are outlined in the following sections.
Bangladesh
Assessment was conducted in the residence of the children. A prior appointment was made before the assessment. Informed consent was taken directly from the subject if he/she was 18 years of age; if the child was between 8-9 years age then consent was taken from parent/guardians; and if aged between 10-17 years consent was taken from guardian and assent taken from the child by the assessors after describing the details of the assessment process.
Ghana
Two schools were selected from the Kassena-Nankana Districts where the two predominant ethnic groups reside. One was an elementary school (Year 1 to 6), the other a Junior High School (Year 1 to 3) . The APPLIED NEUROPSYCHOLOGY: CHILD assessments were carried out in empty classrooms using furniture provided by the research team, during school hours (8 am and 3 pm). Permission was first sought from the Ghana Education Service District office which sent notices to the schools that, in turn, informed the parents. Informed consent was taken from available parents. If a child was selected, but the parent was not available, consent was sought through the Chairperson of the Parent-Teacher Association in the village. Assent was also sought from children.
Tanzania
Assessments were carried out at the convenience of the family where a suitable environment was available in homes, close to home or at school. Assessment sessions in schools were carried out either when schools were closed, or in classrooms separate from the main school compound. Informed consent was taken from a parent/ guardian a day before the planned assessments were carried out. Detailed information was given to the parent/ guardian about the study and the aims of the project. After checking that the parent/guardian understood what was being explained, and was in agreement, signed consent was taken. Informed assent was taken from the child just before assessments.
Analytic plan
STATA was used for data management and transformations of variables. The psychometric analyses were carried out using SPSS version 19. Confirmatory factor analysis was conducted using AMOS version 22.
As the main focus of the analysis was to evaluate the consistency with which individual tests behaved between different linguistic and cultural settings, performance on each test from the battery was evaluated separately by country. Analyses investigated: a) Within Population Variance, measured through an examination of the distribution of test scores: b) Reliability, measured through the evaluation of:
i. Consistency across items within a test with multiple items (internal consistency) using Guttman's Split half for tests where item variability is primarily by degree of difficulty, and Cronbach's alpha where items are intended to also sample related, but not identical skills. ii. Consistency across time (test-retest reliability)
using the Intraclass Correlation, to take into account the use of multiple assessors. iii. Consistency across assessors (inter-rater reliability) using Kappa Coefficients. c) Responsiveness through a series of univariate analy-sis exploring the relationship between variability in test performance and the background characteristics of the children, age and gender differences, as well as school exposure. d) Confirmatory Factor Analyses (CFA) was undertaken to investigate measurement invariance, that is the assumption that the underlying association between the nine sub-tests that constituted the neurocognitive battery were comparable across countries, and to what level that comparability is evident (Van de Vijver & Leung, 1997). To carry out this analysis the scores were standardized to obtain a similar comparative unit for all measures.
In the first step we examined configural invariance, testing whether there was a single factor, general intelligence, in each country with significant loadings on each subtest, accounting for the correlations between tests that we found in each country. The second step, examining measurement weights (metric invariance), investigated whether the factor loadings were identical across countries, indicating that each test made the same contribution to the general factor in each country.
The third step tested measurement intercept invariance (also called differential item functioning). This analysis tested whether the regression line that links the latent factor, intelligence, to subtest scores had the same intercept (made the same initial contribution) to each group. This is commonly used as test of scalar invariance, required to support the integration of scores across countries in an analysis of variance.
The next step explored invariance of the structural covariance. This examined whether the error variance of the latent factor is identical across countries. Finally, the analysis of measurement residuals tested whether the error components of the observed variables are identical.
The first three analyses are usually considered the most important as they indicate whether there is a joint latent factor (configural invariance), whether the latent factor is measured the same way in each country (measurement weights invariance), and whether scores can be directly compared across countries (measurement intercepts). We used various criteria to evaluate the goodness of fit of our tested models: v 2 values should be nonsignificant to support a good fit, Δv 2 values should be nonsignificant, values of Comparative Fit Index (CFI) should be .90 or above, decreases in CFI between subsequent analyses should not be larger than .01, Tucker-Lewis Index (TLI) values should be above .90, Standardised Root Mean Residual (SRMR) values should be .06 or less, and Root Mean Square Error Approximation (RMSEA) values should be less than .06. As the v 2 tests are known to be sensitive for sample size, we did not rely on their outcomes in a rigid way, but examined the global constellation of fit indices.
Results
In total, 786 children, with ages ranging between 6 years to 18 years, were tested across the three countries. A summary of sample size and age characteristics is presented in Table 5 . The sample from Ghana was smaller, and the only one where all children were in school. Table 6 describes the rounds of data collection, highlighting the numbers of children available for the different levels of analysis.
MCAR tests showed nonsignificant results in Ghana and Tanzania and a significant value in Bangladesh (v 2 (31) ¼ 70.65, p < .001). On the basis of these results it was decided to replace missing values using an EM algorithm.
Within-population variance. Table 7 shows how scores for all tests across all three sites ranged from the lowest towards the maximum possible. In only one test, and only in one site, did the proportion of no responses, children who failed to engage with the task at all, and could make no attempt) reach a significant number of children (NOGO in Bangladesh at 34%).
While mean scores were similar across the three sites, the data from Ghana was less consistent with the other two sites. There were significant deviations in the means for Ghana on Atlantis (mean 59 vs. for 71 and 76 in Tanzania and Bangladesh respectively), Story Completion (5 vs. 9/8), KNT (70 vs. 79/76), Rey Osterrieth Copy (16 vs. 11/12), and Recall (25 vs. 16/16). The Ghana sample was also characterized by smaller standard deviations.
Normality of distribution. Normality of scores reported in Table 7 was based on a skewness value between À 2 and þ2. The majority of distributions were evaluated as Normal. Only NOGO results in Bangladesh, and People Search in Tanzania deviated from normal. The former demonstrated a negative skewness (mass of distribution concentrated on the right), and the latter positive skewness (mass of distribution concentrated on the left).
Consistency over time (test-retest reliability). A significant correlation was achieved between scores at the two time points (see Table 8 ). The only test that did not achieve either a moderate level of agreement (.5-.6) or strong level agreement (.7-.8) across time points was NOGO. Although not identical, the pattern was similar across two of the sites. The exception was Tanzania, where the sample size was too small to draw clear conclusions.
Consistency across test items. Again, with the notable exception of Atlantis, test content indicated good levels of internal consistency, of .7 and above.
Consistency across assessors (interrater). Results were very variable, ranging from no better than chance (nearing 0), to near perfect/perfect agreement (>.9).
The tests that drew the worst results were the KNT and Rey (copy and recall), in Ghana and Tanzania.
Responsiveness. Age was re-categorized into three groups: 6 to 10 years, 11 to 14 years, and 15 to 18 years. Age (Table 9 ) was associated with score variance, the majority of effect sizes were large (>.138 shaded in dark grey in Table 9 ) or medium (>.059 shaded in light grey). In contrast, gender had a limited association with score variance. Only Footsteps and KNT showed significant associations, with medium effect sizes (Cohen, 1988) .
Atlantis. Post hoc analyses (Scheffé test) identified differences in patterns across the sites. In Bangladesh, scores rose from the younger to the middle age group, and then were found to drop again. In Ghana, changes were linear, increasing with age, while in Tanzania Bangladesh  80  58  80  297  Ghana  131  64  166  166  Tanzania  13  54  64  323  Total  224  176 310 786 a (with additional "optimal" children).
APPLIED NEUROPSYCHOLOGY: CHILD increase in age was curvilinear, leveling off from the middle to the oldest age group.
Hand movements. Effect sizes for age varied between sites, they were only significant in Tanzania, where multiple comparisons using Scheffé test identified that this was accounted for by the difference between the youngest and the oldest age groups.
Footsteps. Scores on this test were associated with both age and gender differences, with the effect sizes larger for age than gender. Multiple comparisons suggested a gradual increase in scores across the age groups, only significant between the 6 to 10 years and 15 to 18 years age groups. A significant gender difference favored males.
Story completion. While age, and not gender, was associated with score variance, the pattern of the older age group differed in the three sites. In Bangladesh the oldest group was similar to the youngest, in Ghana the two younger groups were similar. It was only in Tanzania where the change from youngest to oldest was linear.
KNT. While scores showed a significant increase with age, post hoc analyses showed site differences. In Bangladesh the change was linear, in the other two sites the change was curvilinear. There was also significant association with gender for Ghana and Tanzania but not for Bangladesh. In both cases, the difference in scores favored males.
Rey Osterrieth. For the first, Copy, stage of the test, the pattern was similar across sites, with large effect sizes, that reflected a superior performance among younger children. This pattern was repeated in the Normal a Normal (approximating normal); Positive (mass of distribution concentrated on the left); Negative (mass of distribution concentrated on the right). Recall stage of the task, although, with the exception of Tanzania, the effect sizes were smaller. Also in Tanzania a significant gender effect was found, favoring males.
NOGO. Post hoc comparisons identified similar age effects between Ghana and Tanzania, and improved performance with age, whereas in Bangladesh, younger children made fewer errors on the test.
Shift. Age had a significant effect on scores for Bangladesh and Tanzania, showing linear improvement with age. In Tanzania only the oldest children had significantly higher scores.
People Search. A moderate effect of age was observed in all three countries. A post hoc analysis showed that performance improvement was linear in Ghana and Tanzania, while in Bangladesh, the difference between 11 to 14 years and 15 to 18 years was not significant.
Literacy and numeracy. In Bangladesh, multiple comparison analyses showed an increase in scores with age that was curvilinear, and not significant between 11 to 14 years and 15 to 18 years. The results for Ghana and Tanzania displayed a more linear improvement in scores with age for both tests. It can be concluded that, despite considerable variation across sites and tests, most instruments showed score increments across ages.
We were also interested in the relationship between the cognitive tests scores and schooling. Unfortunately school experience was not consistently measured in the pilot sample across all sites. However, this data was available only for the sample included in the analyses reported in the next section. We found that education was strongly related to the general intelligence factor; the standardized loadings were .65, .75, and .64 for Bangladesh, Ghana, and Tanzania, respectively. This association is strong. It should be noted that our design is cross-sectional and selective drop-out from schooling could have affected our samples. If drop-out is negatively related to (among many other factors) previous 
Consistency over time (test-re-test reliability): For the majority of the tests, over all three sites there was a slight increase in the mean score from time 1 to time 2. The exception to this was the NoGo Shift tasks, where there were reductions in the scores over time. A significant correlation was achieved for the majority of the tests, and the majority a moderate agreement (.5-.6) or strong agreement (.7-.8). The pattern was similar across two of the sites, although not identical. The exception was Tanzania, where the sample size was too small to draw clear conclusions. Consistency within the test items: Again, with the notable exception of Atlantis, test content indicated good levels of internal consistency, of .7 and above. Consistency across assessors (inter-rater).
The results were very variable, ranging from no better than chance (nearing 0), to near perfect/perfect agreement (>.9-1). The source of variability seems to be both test and team, with the team with greater previous experience achieving higher agreement levels. a Split half. b Alpha.
educational achievement, it is likely that the brighter students are more likely to remain in education, which could augment the correlation and performance across age groups. It can be concluded that our results are consistent with other studies in that education can be expected to have a major influence on cognitive test performance (Ceci, 1991; Falch & Sandgren, 2011; Ritchie, Bates, & Deary, 2015) .
Underlying constructs: The validity of the instruments selected
Correlation coefficients are presented in Table 10 ). The majority of the correlations was positive and ranged from low to moderate indicating a linear relationship among many variables. The highest coefficients were found between the Rey Osterrieth scores (Copy and Recall) in every site. Median correlations did not differ much across sites (Tanzania:
There were no observable differences in the pattern of correlations between those tests that were utilized to measure General Intelligence and Executive Functions.
Confirmatory factor analysis
We employed confirmatory factor analysis to address (a) the dimensionality of the test battery and (b) the invariance (similarity) of this factor structure across the groups. Initially we tested a two-factor model, distinguishing between a general intelligence and an executive functioning factor. However, as mentioned, the correlations between the intelligence and executive functioning subtests were virtually indistinguishable.
The two-factor model had a poor fit and required multiple double loadings of subtests on both latent factors. Therefore, we opted for a one-factor solution. We found a reasonable fit for a model in which all subtests loaded on a single factor, although we had to allow for correlated errors between Atlantis and People Search, between Footsteps and NOGO, and between NOGO and Shift (note that the latter are two of the executive functioning tests). The results of the invariance tests are presented in Table 11 . The v 2 tests were highly significant in all cases (which is common in multigroup confirmatory factor analyses as this statistic is sensitive to sample size) (Fan, Thompson, & Wang, 1999 As can be seen in Table 11 , all more restrictive invariance models showed worse fit values, notably the measurement residuals model. All factor loadings were positive and significant, as can be expected. Yet, when the loadings of the configural and measurement weights are compared (Table 12) , it is clear that the differences in factor loadings are small and would not give rise to different interpretations of subtests or the general factor across the three countries. We conclude that the loadings can be treated as identical across the countries although it should be acknowledged that the statistical evidence does not completely underscore this conclusion.
Discussion and conclusion
We found that the systematic process of adaptation of tests to three different cultural and linguistic contexts led to instruments with adequate psychometric properties. The underlying variance in the scores on individual tests supported the benefits of the adaptation process. Engagement of children (access to and understanding of the material) was reflected in the high proportion of children who were able to attempt the tests, and in the approximation to normality of the underlying variance. Most tests showed adequate reliabilities. However, there is some concern over interrater consistency. The source of variability between sites seems to have been related to the team experience, with the Bangladesh team (with two experienced psychologists in the field and supervising all assessments) achieving higher agreement levels. This finding led to changes in the system of supervision for the main data collection process: we repeated some training elements, and increased the level of supervision. Subsequent assessments were evaluated using a standard observation guideline of assessment practice. Supervisors reported that the assessment team improved their level of practice against these guidelines.
The changes led to improved inter-rater reliabilities post the piloting reported here.
The SEM model suggests that the variability in outcome across sites is more efficiently explained in reference to what might be termed "g," a general underlying ability denoting general intelligence, in line with literature on intelligence models. Despite all the differences in samples and various confounding factors, the associations between the instruments are similar across the three groups of children, with Executive Function and Intelligence tests merging in all three groups. Although not further documented here, a split in younger and older age groups did not change the one-factor solution. This is not in line with the Western literature in which the distinction between general intelligence and executive functioning has been noted (e.g., Friedman et al., 2006) . The strong presence of a general factor may reflect the numerous individual differences in background variables, such as socioeconomic status and opportunities to learn, which tend to coalesce and are often related to drop-out. It could well be that more homogeneous non-Western samples would also allow for a sharper distinction between intelligence and executive functioning.
The comparison of factor weights in the configural invariance and measurement weights solution shows that there are almost no differences, thus the cognitive structure of the battery (with "g" in the apex) is very stable. Scalar invariance is not supported, and thus a direct comparison of scores cannot be made.
In summary, our data supports the feasibility of applying a single battery across multiple settings, to .67 a Note that the unstandardized factor loadings in the measurement weights solution are identical and that the differences in the cells are due to the standardization.
measure a common cognitive concept, but where the specific methodology used in one context (language, materials, administration procedures) required modification to suit the new context (Holding et al., 2004) . The process was time-consuming, but establishing equivalence ensured that the adaptation maintained acceptable reliability and validity and provided meaningful interpretations of test scores. While we found evidence of conceptual equivalence that supports the ability to make comparisons across countries, we cannot directly compare means across country data sets. Other methods to summarize impact across settings such as the comparison of effect sizes are required. Additionally the variability in performance on individual tests across settings does not allow us to examine performance in more discrete cognitive constructs.
